A previous study recommended "Please do not eat salads" as a note for immunocompromised patients, and the contamination of raw vegetables by microorganisms such as Pseudomonas aeruginosa has long been known. [1] [2] [3] [4] [5] Therefore, the consumption of canned fruit and cooked vegetables has been promoted among immunocompromised patients. However, many immunocompromised patients prefer to eat raw fruit and vegetables, which may also be nutritionally desirable.
Microbial Contamination of Fruit and Vegetables and Their Disinfection
dase test, and API system (Analytab Products, Plainview, NY, U.S.A.).
Statistical Analysis
The viable cell counts were compared between washing alone and washing followed by disinfection using the Wilcoxon signed-rank test for the leafy vegetables, nonleafy vegetables, and flesh of unpeeled fruit. Table 1 shows the microbial counts and predominant microbial species in vegetables after washing alone or washing followed by disinfection by 10-min immersion in 0.01% (100 ppm) sodium hypochlorite. The mean (range) of microbial counts of the nine types of leafy vegetable (cabbage, lettuce, sunny lettuce, leek, perilla, spinach, komatsuna, napa cabbage, and parsley) was 2.8ϫ10 5 CFU/g (2.4ϫ10 2 -2.5ϫ10 6 CFU/g) after washing and 3.4ϫ10 4 CFU/g (47-4.0ϫ10 5 CFU/g) after washing followed by disinfection. The mean (range) of microbial counts of the eight types of nonleafy vegetable (tomato, minitomato, eggplant, cucumber, carrot, sweet pepper, onion, and Japanese radish) was 3.4ϫ10 4 CFU/g (25-3.4ϫ10 5 CFU/g) after washing and 1.0ϫ10 4 CFU/g (3-9.3ϫ10 4 CFU/g) after washing followed by disinfection. The major contaminants were pseudomonads such as Pseudomonas fluorescens, Pseudomonas putida, and P. aeruginosa; Pantoea agglomerans; and Bacillus spp. P. aeruginosa was detected in a total of 4 samples of 4 types of vegetable among the 17 types examined. In Japanese radish, the mean number of colony-forming units per gram was enhanced by disinfection after washing. This may be due to differences in the portion of the samples examined. Among the 17 types of vegetable in Table 1 , the microbial counts found in cabbage are shown in detail in Table 2 . Table 3 shows the status of P. aeruginosa contamination in 4 samples. P. aeruginosa did not disappear even after disinfection in 3 of the 4 samples. In Table 3 , the total number of colony-forming units per gram in tomato was enhanced by disinfection after washing. This may also be due to differences in the portion of the samples examined. Staphylococcus aureus was not detected in any of the 17 types of vegetable. Table 4 shows the microbial counts and predominant microbial species after washing followed by 10-min immersion in 0.01% (100 ppm) sodium hypochlorite in the 10 types of unpeeled fruit flesh (apple, pear, persimmon, grape, mandarin orange, orange, grapefruit, lemon, kiwi, and banana). The mean (range) of microbial counts was 9.3ϫ10 3 CFU/g (0-1.0ϫ10 5 CFU/g) after washing and 1.3ϫ10 3 CFU/g (0-2.5ϫ10 4 CFU/g) after washing followed by disinfection. The contamination level was low (0-16 CFU/g) in grapefruit and persimmons. The contaminants were glucose-nonfermentative Gram-negative bacilli such as Burkholderia cepacia and Brevundimonas vesicularis, Bacillus spp., and yeasts such as Candida inconspicua and Candida guilliermondii. Neither P. aeruginosa nor S. aureus was detected in any of the 10 types of unpeeled fruit flesh. In pears, the total number of colony-forming units per gram was enhanced by disinfection after washing. This may be due to differences in the portion of the samples examined. Table 5 shows microbial counts and predominant microbial species in the cores of apples and pears and the calyces of persimmons. The apple cores and persimmon calyces contained 10 2 -10 5 CFU/g of contaminants. Although not shown in the table, for each of the 8 fruit types after excluding grapes and lemons, 5 samples of the flesh of peeled fruit were also evaluated, but all of these samples showed no or only low levels of contamination (Յ10 CFU/g), probably caused by the transfer of microorganisms from the skin of the fruit via the fruit knife used for cutting the samples.
RESULTS
Wilcoxon's signed-rank test showed a significantly lower contamination level after washing followed by disinfection with sodium hypochlorite than after washing alone (pϽ0.05) for leafy vegetables, nonleafy vegetables, and unpeeled fruit.
DISCUSSION
In immunocompromised patients such as those after un- dergoing hemopoietic cell transplantation, the oral intake of Gram-negative bacilli such as P. aeruginosa puts them at risk of these bacilli colonizing the intestine and subsequent infection. [7] [8] [9] [10] [11] [12] [13] Therefore, the consumption of food contaminated by Gram-negative bacilli such as P. aeruginosa should be minimized in immunocompromised patients.
In this study, we investigated the microbial contamination of fruit and vegetables commonly served in hospital meals in Japan, and the mean contamination level in leafy vegetables was 10 5 CFU/g, while that in nonleafy vegetables was 10 4 CFU/g after washing with water alone. Some vegetables were contaminated by P. aeruginosa, which is a serious pathogen in immunocompromised patients. These results were consistent with those in previous studies and support the warning that immunocompromised patients should not eat salads. [1] [2] [3] [4] [5] Microbial contamination decreased significantly (pϽ0.05) after the vegetables were washed with water followed by disinfection with sodium hypochlorite compared with washing with water alone. However, it was noteworthy that the mean microbial contamination level of vegetables was 10 4 CFU/g even after disinfection with sodium hypochlorite. Therefore vegetables should be cooked before consumption by immunocompromised patients. Microorganisms in the skin of fruit and vegetables were not completely eradicated even after disinfection with sodium hypochlorite. Thus, grapes and lemons, from which it is difficult to remove the peel alone, are not appropriate for consumption by immunocompromised patients. Since the flesh of each type of peeled fruit after washing with water plus disinfection showed no or only negligible contamination, the fleshy part can be served to immunocompromised patients. When apples, pears, or persimmons are sliced, the knife should not come into contact with the cores of apples and pears or the calyces of persimmons. Among the 10 types of fruit investigated, bananas may be the most appropriate for immunocompromised patients because their peels can be removed cleanly and completely. Microbial contamination of the unpeeled flesh of grapefruit and persimmons was negligible, but the reason for this was unclear.
